occur in sub-Saharan Africa and Southeast Asia (Blencowe et al., 2010; Khan et al., 2015; Roper et al., 2007) . The literature revealed a declining trend of neonatal mortality due to maternal and neonatal tetanus (MNT) from 0.5 million to 0.25 million during 1980 -1997 (Black et al., 2010 Liu et al., 2015; Roper et al., 2007) . Recent estimates suggested an annual decline of 8.9% mortality in the last decade (Liu et al., 2015) . Several studies on community-based health interventions such as improved umbilical cord care practices, clean delivery environment, supplementary immunisation activities (SIAs) and modification of health-related behaviours, including birth practices, have demonstrated significant reduction in overall child morbidity and mortality (Khan et al., 2013) . Tetanus toxoid (TT) vaccine is a safe public health intervention, targeted to decrease MNT deaths in particular (Blencowe et al., 2010; Khan et al., 2015; World Health Organization, 2007) . Although TT vaccine is offered at no cost to women, it is one of the least utilised vaccines in developing countries (Blencowe et al., 2010; World Health Organization, 2007) .
Pakistan is among 34 countries to have failed the MNT global elimination target of 'less than 1 case per 1000 live births in every district of country' as introduced by the World Health Organization (WHO) (Lambo and Nagulesapillai, 2012; World Health Organization, 2013) . The WHO highly recommended greater than 90% TT vaccine coverage in high-risk areas (Lambo and Nagulesapillai, 2012; World Health Organization, 2013) . Pakistan's Expanded Program on Immunization (EPI) offers free-of-charge TT vaccine services for all pregnant women and women of childbearing age (Masud and Navaratne, 2012) . The existing EPI schedule recommends five TT vaccine doses inclusive of TTV-1 at first contact, TTV-2 at least four weeks after the first dose, TTV-3 at least six months after the second dose, TTV-4 at least one year after the third dose and TTV-5 at least one year after the fourth dose (Masud and Navaratne, 2012; World Health Organization, 2007) . Local statistics suggested that more than 50% of districts are at risk of MNT in Pakistan (Hasnain and Sheikh, 2007) . It is estimated that 54-70% of women received at least two doses of TT vaccine, and significant coverage disparities exist between urban and rural districts (Hasnain and Sheikh, 2007; Khowaja et al., 2015; Lambo and Nagulesapillai, 2012) . Studies conducted elsewhere suggested lack of knowledge about tetanus disease, inadequate information vaccine schedule, misconceptions related to TT vaccine and poor understanding of TT vaccine benefits (Afridi et al., 2005; Hasnain and Sheikh, 2007; Khowaja et al., 2015; Maral et al., 2001) .
Community level knowledge gains are critical to improve TT vaccine coverage in Pakistan (Hasnain and Sheikh, 2007) . There is a paucity of published literature to support woman's knowledge and preferences for TT vaccination in the local context of Pakistan. The primary objective of this study was to assess knowledge, attitudes and practices (KAP) related to TT vaccination. The secondary objective was to estimate dose specific vaccine coverage of TTV-1 to TTV-2 in pregnant women, and TTV-3 through TTV-5 in women of childbearing age (inclusive of unmarried women, and married and non-pregnant women).
Study methods

Study design and setting
This was a baseline cross-sectional vaccine coverage and KAP survey, which is part of a large research project. We employed a mixed-methodology (quantitative and qualitative) research design using community-based participatory action research (Plan-Act-Observe-Reflect) with baseline and end-line surveys for TT vaccine coverage among women of childbearing age. A baseline KAP survey was conducted during March and April 2014. The study was conducted in four peri-urban low-income settlements in coastal Karachi ( Figure 1 ) covering a total area of 16.13 km 2 (Figure 1a ). Residents make their living mostly by fishing, cattle farming for dairy production and small retail businesses. The majority of population resides in a small, one-to two-room houses. Municipal amenities are very poor, the water supply network is not accessible and residents collect water from community tanks or from vendors. Based on our previous vaccine and other maternal and child health-related work, we chose this site to further build on the preventive models for improving vaccination rates in the selected community (Zaidi et al., 2013) .
The department of Pediatrics and Child Health at Aga Khan University (AKU) conducted a baseline census in the study area in 2010 (Shafiq et al., 2016) . During that year, 200,000 people lived in the study area. Among them, 25% were women of reproductive age (age range, 15-49 years) and 12% were children aged less than five years (Shafiq et al., 2016; Zaidi et al., 2013) . The gross fertility rate was 131 out of 1000 women of reproductive age, the under-five mortality rate was 68.8 per 1000 live births and the neonatal mortality rate was 42.7 per 1000 live births (Shafiq et al., 2016; Zaidi et al., 2013) . The annual birth cohort is around 8000 and approximately 11% of newborns experience clinically diagnosed sepsis within the first two months of life (Shafiq et al., 2016; Zaidi et al., 2013) .
Sampling strategy and population
The target group of this study was women of childbearing age. Women were considered eligible if they were aged 15-49 years, married/unmarried, residents of the study catchment areas for the last six months and willing to participate in the study.
The Department of Pediatrics and Child Health at AKU has established an active surveillance of women and children under five years of age in the selected areas. Line listing with geographical coordinates was available for all the households in the study catchment. Updated listings of all the women of childbearing age and their marital and pregnancy status were available from their surveillance team through the demographic surveillance system (DSS). The investigators used these listings as a sampling frame to randomly select the desired number of participants. Statistical package for social scientists (SPSS) version 20 was used to generate the random list of eligible participants. Lists of the selected households with DSS ID and geographic coordinates were provided to the local community health workers (CHW) in each of the four study sites. The CHWs visited each household, introduced themselves and explained the details about TT vaccine coverage survey. The eligible women were asked for written informed consent to participate in the study. Women who were not available in the household on two different visits (one week apart) were excluded from the study.
Sample size
The sample size required for vaccine coverage was calculated as 384 women of childbearing age, using 50% coverage of TT2 vaccination, 95% confidence interval (CI) and design effect of 1. We inflated sample size by 15%, adjusting for refusal and non-participation rates. Thus, a desired sample size was determined as 450 women (Gumucio, 2011) .
Data collection procedure and tools
The investigators adapted a structured survey questionnaire from the literature (Afridi et al., 2005; Hasnain and Sheikh, 2007; Maral et al., 2001) . The questionnaire included a demographic profile of household, knowledge, attitudes and practices of the participant regarding tetanus disease, TT vaccine and record of TT vaccination (Naeem et al., 2010; Nisar et al., 2010) . The questionnaire was pilot-tested on 5% of the total sample size in neighboring areas similar to that of selected population and content modifications were made accordingly.
Trained CHWs, together with a research associate, visited the households of all consented women and administered the questionnaire in a face-to-face interview. The questionnaires were translated in the local Urdu language and all the interviewers were Urdu speakers. Each interview was approximately 20 min in duration. If the woman was busy or not available for the interview, our research team rescheduled at a suitable time. Senior research staff supervised data collection and 5% of the interviews were conducted under direct observation of the study coordinator to ensure the quality and rigour of data collection. Households were mapped through GIS to identify the highrisk areas, where TT vaccine coverage was low.
Data analysis
The data were entered in a specifically designed data entry program in Microsoft Access 2010 using dual checks of error and double data entry mechanism. The data was imported into SPSS version 20 for analysis. Descriptive analysis was carried out for basic demographic covariates by generating frequencies and percentages. For inferential analysis, a single binary variable 'at least one dose of maternal TT vaccination vs. Zero TT vaccination' was computed from the existing variables on number of TT doses. Differences in KAP in women who received 'at least one dose of tetanus vaccine' was compared to 'un-immunized' using Chi-square bivariate analysis. Crude odds ratio (OR) with 95% CI were calculated using univariate logistic regression. Variables significant at the 15% level of significance in univariate analysis were carried forward to multivariable logistic regression model. Adjusted odds ration (OR) with 95% CI were calculated using multivariable logistic regression analysis. Variables at the 5% level of significance were kept in the final adjusted model. Model fitness of the test was assessed using Hosmer and Lemeshow goodness of fit test (P = 0.52).
Ethical consideration
This study received ethics approval from AKU Ethics Review Committee (2835-Ped-ERC-13). Health authority approvals were obtained from Provincial EPI Office Sindh, Executive District Office (EDO) Health Karachi, Town Health Office Bin Qasim Town and EPI centres. Written consent was obtained from all study participants prior to data collection and data confidentiality was maintained through a unique participant identity number. In cases where the age of the participant was less than 18 years, parental consent was obtained. Data were stored under lock-and-key, with only access to the Principal Investigator and senior project staff responsible for data quality.
Results
A total of 705 women of childbearing age were approached, of which 450 (64%) were enrolled in the study (Figure 2 ). More than half (n = 245, 54%) of women had no formal education. Common languages spoken at the household level were Sindhi (31%), Urdu (21%) and Bengali (20%). Study participants were stratified into three groups as married and non-pregnant at the time of enrollment (n = 185; mean age, 29 years; SD, 7.4), married and pregnant (n = 121; mean age, 25 years; SD, 5.5) and unmarried women (n = 144; mean age, 18 years; SD, 2.9).
Overall, 57% (n = 257) of participants did not receive TT vaccine. The majority of unmarried women (97%, n = 139) were found not to have been immunised against tetanus. Descriptive information on vaccination coverage is presented in Table 1 . Women aged younger than 25 years with no formal education (adjusted OR, 2.1; 95% CI, 1.00-4.40), a lack of information about free-of-charge TT vaccine service (adjusted OR, 4.0; 95% CI, 1. 64-10.20) and living in a combined family (adjusted OR, 2.0; 95% CI, 1.04-3.96) were more likely to be associated with not receiving TT vaccine ( Table 2 ). The majority of women were not aware about tetanus disease and TT vaccine. Lack of knowledge of disease and TT vaccine was associated with unvaccinated status (adjusted OR, 4.6; 95% CI, 2.18-9.57).
The attitude of women and support from family towards the importance of TT vaccine were key findings. Participants were unvaccinated if the family was against vaccination (adjusted OR, 5.7; 95% CI, 2.33-13.93). Having another family member as a decision-maker about vaccination and healthcare seeking was associated with unvaccinated status (adjusted OR, 2.9; 95% CI, 1.31-6.58). Poor care seeking for antenatal care during pregnancy largely impacted on TT vaccination status (adusted OR, 2.2; 95% CI, 1.03-4.83) in all married women (pregnant and non-pregnant) (n = 272). Table 2 demonstrates the key variable of attitudes and practices among study participants. Figure 3 provides a snapshot status of KAP related to tetanus disease and TT vaccination.
Discussion
Overall coverage of TT vaccination for at least one dose was found much lower (i.e. 43%) than the WHO recommended range of 90% coverage for women living in highrisk areas (Lambo and Nagulesapillai, 2012; World Health Organization, 2007 . It is clear that TT vaccine coverage in pregnant women in Pakistan is far from universal coverage goals (Hasnain and Sheikh, 2007; Masud and Navaratne, 2012) . Such low vaccination coverage remains a large public health challenge in eliminating tetanus disease (Lambo and Nagulesapillai, 2012; Wasay et al., 2008) . However, the coverage was comparatively good among participants who were married, whether pregnant or not, reportedly to be 64% and 60%, respectively. Immunisation uptake among unmarried women was poor; where 97% never received any TT dose (Qadir et al., 2010; Zeb et al., 2006) . Poor knowledge about tetanus disease and lack of information about the nearby EPI center were key elements for TT vaccination (Naeem et al., 2010) . Family-level decision-making was important factor against the uptake of TT vaccination in our study population. We believe that if a woman is empowered enough to make a decision about receiving vaccination and seeking healthcare, that would significantly improve the TT vaccine coverage (Khan et al., 2013; Nisar et al., 2010) .
Knowledge contributes significantly in defining attitudes and behaviours against vaccination (Amin et al., 2013; Berman et al., 1991) . The poor understanding of tetanus disease and prevention measures in the community result in demand failure (Berman et al., 1991; Maral et al., 2001) . This largely depends upon knowledge construction, belief system, formal education and access to a healthcare system in communities (Naeem et al., 2010) . It is evident that poor maternal knowledge not only affects woman's vaccination status, but also hinders vaccination for the infant (Afridi et al., 2005; Hasnain and Sheikh., 2007; Lambo and Nagulesapillai, 2012; Nisar et al., 2010) . Equitable access to quality health services is essential for creating demand for vaccination (Amin et al., 2013; Berman et al., 1991; Ensor and Cooper, 2004; Jamil et al., 1999) . The awareness of women regarding availability and location of nearby EPI center is essential (Siddiqi et al., 2007) . The literature revealed that information about availability and location of a nearby EPI services improved vaccination coverage (Mangrio et al., 2008; Masud and Navaratne, 2012; Siddiqi et al., 2010) . However, unavailability of an EPI center within a catchment area could significantly hamper the overall vaccination coverage (Khowaja et al., 2015; Mangrio et al., 2008) . A lack of awareness of free-ofcharge EPI services and the availability of a free vaccine was a barrier to uptake. This highlights the importance and need of community awareness about free-of-charge vaccination services available at EPI centers throughout the country (Ahmed and Ahmed, 2014; Masud and Navaratne, 2012).
Social factors, family dynamics and its structure (neutral or combined family system) are important and effective for the vaccination status of a woman (Maral et al., 2001) . A combined family system is a typical Pakistani family structure where there could be many decision-makers in a single family (Rahman and Obaida-Nasrin, 2010) . In a nuclear family system, a woman herself could be a better decisionmaker to decide about care seeking for vaccination. Women as decision-makers could greatly impact on the uptake of vaccination coverage (Berman et al., 1991) . However if family members are not supportive and someone other than women is the decision-maker, this significantly affect the vaccination coverage (Amin et al., 2013; Antai, 2012) . (14) 17 (14) 2.3 (1.00-5.08) *Reference values: age greater than 25 years, EPI center at a distance within 1 km, formal education, nuclear family structure, household with at least one child aged under five years, aware of EPI center nearby, aware that vaccination is good for health, aware that EPI vaccines are free of cost, aware that tetanus disease is dangerous for mother and newborn, aware that TT vaccine is good for mother and newborn, TT vaccine is important for a woman, family is supportive, woman is a decision-maker, can pay out-of-pocket, never received antenatal care during last pregnancies, received antenatal care during current pregnancy. † Married women only (n = 306). ‡ Currently pregnant (n =121).
Almost all of the young unmarried women are unimmunised against tetanus in this study. This finding has significant implications as marriages usually happen in younger women in rural and peri-urban communities in Pakistan. Focusing on these young unmarried women for TT vaccination would be an essential step for tetanus prevention.
Overall, the strategies to improve the awareness of women of childbearing age through effective communication about free-of-charge EPI services and utilisation of these centres improving antenatal care and involving them in decision-making may improve tetanus vaccine coverage in local communities in Pakistan. The role of healthcare providers are deemed important as they play a pivotal role in vaccination in Pakistan. Furthermore, using GIS technology to distinguish high-risk pockets of low reporting uptake and connecting it with other key predictors of poor vaccination and health indicators is very significant for Pakistan (Barau et al., 2014) .
The study has several strengths to be reported. First, the study performed GIS mapping of the households to identify the pockets with poor TT vaccination among women of childbearing age. Second, the sampling of the participants was truly random in nature because of the availability of accurate updated line listings of all the households and women of childbearing age in the given communities. Finally, the data were collected using a structured questionnaire adapted from other studies in similar settings.
There are also several limitations in this study which need to be considered. TT vaccination information is predominantly subjective and based on recall. Only 22% of the participants reporting TT vaccination also produced the vaccination card. This was a cross-sectional study and temporal associations could not be ascertained with certainty and there is no way to ascertain whether the factors preceded the outcome. There was a differential response rate in our participants as unmarried women were more likely to refuse participation compared to married women. However, the higher refusals among unmarried women was not because of vaccination status. If this was the case, we would have expected higher or equal TT vaccination among unmarried participants as compared to married (pregnant and non-pregnant) . On the contrary, almost all of the unmarried participants were unvaccinated against tetanus. The higher refusal among unmarried women is most likely because of sociocultural factors such as decision power and independence to choose to participate in a study.
Conclusion
TT vaccination coverage in women of childbearing age is marginal at peri-urban settings of Karachi. The coverage was largely influenced by poor knowledge, family structure and family decision-making in the local communities of Pakistan. Public awareness, engaging dyadic decisionmakers and women of childbearing age are imperative to improve TT vaccination in Pakistan.
